Objective: To identify a population of children at low risk for bacterial conjunctivitis on the basis of history and physical examination findings.
A CUTE CONJUNCTIVITIS IS A common condition responsible for more than 5 million outpatient and emergency department visits in the United States each year. 1 Previous research [2] [3] [4] has suggested that approximately 50% to 80% of cases of conjunctivitis in children are caused by bacteria. However, the validity of classic signs and symptoms thought to differentiate bacterial from nonbacterial causes of acute conjunctivitis has not been supported by the literature. 5 Therefore, most clinicians (ie, physicians, nurse practitioners, physician assistants, etc, all who have licenses, care for children, and can prescribe antibiotics) prescribe topical antibiotics to all children with acute conjunctivitis. 6 Bacterial resistance to antibiotic drugs is an ever-increasing problem, and there is a nationwide effort to find conditions for which antibiotic drug use can be restricted. No guidelines exist to help clinicians differentiate bacterial from nonbacterial conjunctivitis with confidence. The objective of this study was to identify a population of children at low risk for bacterial conjunctivitis on the basis of history and physical examination findings.
METHODS
We conducted a prospective observational cohort study of children aged 6 months to 17 years presentingtothepediatricemergencydepartment at Jacobi Medical Center, Bronx, New York, with acute conjunctival erythema, eye discharge, or both between April 2007 to March 2008. Patients were excluded if they had used contact lenses or antibiotic drugs (topical or oral) or had had eye trauma or exposure to a noxious chemical in the previous 5 days. Before study implementation, all attending physicians, nurse practitioners, and house staff received training on the proper collection of conjunctival specimens for culture. Attendingphysiciansenrolledeligiblepatients after obtaining written consent from the caregiver and assent from children 7 years and older. Patients were enrolled 24 hours a day and 7 days a week. Clinicians completed a checklist of signs and symptoms and obtained a bacterial conjunctival swab for culture. The affected lower palpebral conjunctiva was sampled using a cotton swab that was then inserted into transport media and immediately sent to the microbiology laboratory. Conjunctival swabs were processed using standard microbiologic techniques.
Theprimaryoutcomewastheresultoftheconjunctival culture. Cultures were considered to be negative if they grew normal flora or if there was no growth after 3 days. The microbiology laboratory defined normal conjunctival flora as coagulase-negativeStaphylococcus,Streptococcusviridans,andDiphtherioid species. Conjunctival culture results were considered positive when the laboratory reported the growth of any bacteria other than normal flora.
Power analysis was conducted using statistical and power analysis software (PASS 2005; NCSS, Kaysville, Utah). The null hypothesis was that there was no relationship between any potential predictor and the baseline probability of having a negative bacterial conjunctival culture. We decided a priori that to consider a variable significant, a negative bacterial culture should be approximately 3 times as likely in the presence of that variable. Using this assumption, a sample size of 353 would be required (P=.05, power of 80%).
Data analysis was performed using a statistical software program (SPSS 14.0 for Windows Graduate Student Version; SPSS Inc, Chicago, Illinois). The 2 and Mann-Whitney tests were used for bivariate analysis. For the continuous variable of age, a receiver operating characteristic curve was constructed. The age affording optimal discrimination was then used to dichotomize the variable. Variables showing an association of PϽ.10 with the outcome variable in bivariate analysis were then tested in a multivariate logistic regression model. A prediction model was created using combinations of the multivariate predictors.
Subanalyses of children above and below the cutoff age were performed to determine whether subjective factors (ie, eye itch, foreign body sensation, eye burning, eye pain, photophobia, and sore throat) had a greater effect on predicting a negative culture for older children. Separate prediction models were then constructed for each of these 2 age groups. This study was approved by the institutional review boards of the Albert Einstein College of Medicine, Bronx, New York, and Jacobi Medical Center.
RESULTS
A total of 402 children aged 6 months to 17 years with acute conjunctivitis were eligible for enrollment. Of these, 23 parents declined to have their children participate in the study. For 11 children who were enrolled, the laboratory did not receive a culture specimen. The remaining 368 children formed the study population.
One hundred ninety-four patients (52.7%) were males. The median patient age was 3 years (interquartile range [IQR], 1-5 years). Children with positive cultures were significantly younger than children with negative cultures: 2 years (IQR, 1-4 years) vs 5 years (IQR, 2-8 years) (P Ͻ.001) (Figure 1) . Using a receiver operating characteristic curve, 6 years provided the optimal discrimination cutoff point for age. Overall, conjunctival cultures were negative in 130 patients (35.3%). Conjunctival culture specimens were obtained throughout the year. Patients presenting to the emergency department in April through November were significantly more likely to have a negative culture (PϽ.001) (Figure 2 ). In patients with Table 1) .
Associations between demographic and clinical variables and results of the conjunctival cultures are listed in Table 2 . Sixteen predictor variables qualified for entry into the multivariate regression analysis; 5 of these variables were independently associated with a negative conjunctival culture: age 6 years and older, presentation in April through November, no or watery discharge, absence of a glued eye in the morning, and photophobia. However, photophobia was reported to be unobtainable in 99 patients (26.9%), all of whom were younger than 6 years. Because the median age of the sample was 3 years and because photophobia is an unreliable predictor in young children, we removed this infrequently reported symptom and repeated the analysis, yielding the 4 variables given in Table 3 . A model was created using combinations of these 4 variables to predict the probability of a negative conjunctival culture ( Table 4) . Using this model, a child with no predictors would have a negative culture 11.8% of the time, whereas a child with all 4 predictors would have a negative culture 92.3% of the time.
The results of the subanalyses for children above and below the cutoff age of 6 years are noted in Table 5 . In children 6 years and older, "no sore throat" emerged as an additional predictor variable. In children younger than 6 years, only 2 variables were found to be independently associated with a negative culture. Prediction models for both age groups are given in Table 6 .
COMMENT
Although acute conjunctivitis is one of the most common conditions for which patients seek care, few studies have focused on its clinical diagnosis. 7, 8 Moreover, although the patients most likely to have this condition are children, there are even fewer studies involving pediatric patients. 9 Previous research 9 has demonstrated that pediatricians correctly diagnose conjunctivitis as bacterial or nonbacterial only approximately half of the time but prescribe topical antibiotics to most children.
Patel et al 9 studied 111 children with acute conjunctivitis in search of clinical factors to distinguish bacterial from nonbacterial causes. The baseline prevalence of bacterial conjunctivitis in their group was 78%. They found 2 variables, a history of glued or sticky eyelids and physical findings of mucoid or purulent discharge, to be most predictive of a bacterial cause. However, there were several important limitations to their study. By excluding children with a "history of allergy, diagnosis of allergic conjunctivitis, or other symptoms of allergy," 10(p760) they may have eliminated a significant portion of those without disease, biasing their prediction model. Moreover, they used a convenience sample and may have sampled children in certain parts of the year when the incidence of bacterial disease is more common. The literature involving adults suggests that the prevalence of bacterial conjunctivitis is approximately 35%, 8 implying that as children get older, the likelihood of a positive culture decreases. The study by Patel et al 9 included children up to 18 years old but found no significant difference in the mean age of children with and without positive cultures. This may have been due to their relatively small sample size and the fact that most patients presenting with acute conjunctivitis were infants and toddlers.
We sought to identify children at low risk for bacterial conjunctivitis on the basis of history and physical examination findings. We chose to define low risk as a high probability of having a negative culture because we believed that this definition would be most useful to the clinician. Children with negative cultures most likely have viral or allergic conjunctivitis and do not need topical antibiotics. Patients were enrolled consecutively for an entire year to determine the true incidence of disease and to determine the role that time of year might play in prediction.
Age 6 years and older, absence of a glued eye in the morning, no or watery discharge, and presentation in April through November were the variables found to be most associated with having a negative bacterial culture. We combined these 4 predictors and created a simple decision rule. When 3 of the 4 predictors were present, the probability of the child having a negative culture was high. When all 4 predictors were present, the probability was greater than 90%. The rule is user specific and allows the clinician to decide how many variables need to be present before he or she withholds antibiotics. Consisting of only 4 predictors, the rule is not cumbersome and is easy to remember.
Despite the fact that most cases of conjunctivitis occur in younger children, many factors classically associated with nonbacterial conjunctivitis (ie, eye itch, foreign body sensation, eye burning, eye pain, photophobia, and sore throat) could not reliably be recorded in younger children. We found that this model performed better in older children than in the overall sample. Moreover, when analyzing only older children, only 1 additional subjective variable, no sore throat, aided in the prediction of a negative culture.
There were some limitations associated with this study. Although all clinicians received training about collection of specimens for culture at study implementation, technique may have changed across time, and retraining was variable. It is also possible that clinicians may not have obtained adequate specimens owing to lack of patient cooperation. However, the largest percentage of positive cultures was obtained in younger children, who are often uncooperative. In addition, the patient population is located in the northeastern United States, where there is a seasonal variation in causes of conjunctivitis. Regions that experience less seasonal variation may find the prediction rule less useful.
Another limitation is that we did not specify the exact duration of symptoms that was required to define a patient's conjunctivitis as acute. It is possible that practitioners may have excluded some patients whose symptoms they did not feel were acute. However, a post hoc analysis of these data showed that only 2 patients (0.5%) presented with symptoms lasting longer than 14 days.
This study was designed to assist clinicians in making the diagnosis of nonbacterial conjunctivitis. It is still unclear whether all children with bacterial conjunctivitis need to be treated initially with topical antibiotics or whether a wait-and-see approach, as suggested by Everitt et al, 11 is a better strategy. Whereas a few studies 2, 3 have shown that most children with bacterial conjunctivitis will demonstrate clinical cure after a week regardless of Abbreviations: CI, confidence interval; NA, not applicable. a The 4 predictors were presentation in April through November, no or watery discharge, no glued eye in the morning, and no sore throat.
b The 2 predictors were no or watery discharge and no glued eye in the morning.
